Protein carbonyl (PC) and malonaldehyde (MA) contents and protein extractability (PE) in yellowtail meat containing NaCl stored at À20 C for 20 weeks were analyzed. Although the PC and MA contents increased in all samples, the PE value decreased in the samples containing NaCl. After 20 weeks of storage, the protein (approximately 97.4 kDa) disappeared in the samples containing NaCl.
Proteins from animal tissues are oxidized by oxygen radical attacks in vivo and in foods. [1] [2] [3] Protein oxidation by oxygen radicals is responsible for protein fragmentation or aggregation and affects the quality of meat and meat products. Although presence of a carbonyl group is not specific to oxidative modification, protein carbonyl (PC) measurement is the most common and important method for detecting and quantifying protein oxidation. 4) Protein extractability (PE) is widely used as an index of fish meat quality. 5) Several studies have been conducted on the effect of lipid oxidation on proteins in fish meats. [6] [7] [8] [9] However, the PC content was not measured in these studies.
NaCl is added to muscle foods for a variety of purposes, including flavoring and inhibition of microbial growth. However, NaCl has been demonstrated to accelerate lipid oxidation in various meats, such as pork, [10] [11] [12] beef, 12) chicken, 12) and fish. [13] [14] [15] Kanner et al. 12) reported that the pro-oxidative activity of NaCl is due to its ability to release iron from heme pigments and other heme binding molecules. To our knowledge, the cause of the progression or suppression of lipid oxidation-induced protein oxidation in fish meats is still uncertain. Therefore, the effect of NaCl on this reaction should be studied. In this study, the PC and PE contents related to lipid oxidation-induced protein oxidation were measured in yellowtail meats containing NaCl stored at À20 C for 20 weeks; the PE contents were analyzed using sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) to elucidate protein changes caused by lipid oxidation. The malonaldehyde (MA) content was also measured as an index of lipid oxidation.
Butyl hydroxy toluene (BHT) was obtained from Tokyo Kasei (Tokyo); 2,4-dinitrophenylhydrazine (DPNH), Coomassie brilliant blue, nitro blue tetrazolium chloride (NBT), and 5-bromo-4-chloro-3-indolyl phosphate disodium salt 1,5-hydrate were from Wako Pure Chemicals (Tokyo); and 1,3-diethyl-2-thiobarbituric acid (DETBA) was obtained from Sigma-Aldrich (St. Louis). The reagents used were of analytical grade. Yellowtail Seriola quinqueradiata was purchased from a fish market and brought to the laboratory under refrigeration. The skins were removed and the ordinary muscle thus obtained was diced. NaCl was added to this at final concentrations of 0.3, 0.6, and 0.9 M, followed by thorough mixing in a food processor; the unsalted samples were prepared as control. The prepared samples were then wrapped with wrapping paper and aluminum foil and stored at À20 C. The PC and MA contents were analyzed at 0, 4, 8, 12, 16, and 20 weeks of storage. The PC content was determined using the DNPH method developed by Nakamura et al. 16) Proteins were extracted from the samples with 10 to 20 volumes of 50 mM TrisHCl buffer (pH 7.4) containing 1 mM ethylenediaminetetraacetic acid (EDTA); the extracted proteins were precipitated by the addition of 10% trichloroacetic acid (TCA). The precipitates were then soaked in a 2N HCl solution containing 10 mM DNPH and incubated at 15 C for 1 h. The excess DNPH was removed by washing the precipitates 3 times with an ethanol:ethyl acetate (1:1 v/v) solution. Subsequently, the precipitates were dissolved in 8 M urea and the absorbance at 360 nm was measured using a spectrophotometer. The PC content in the precipitates was expressed in terms of nanomoles of the carbonyl group per milligram of protein, using a molar extinction coefficient of 22,000 À1 . Samples processed by the same procedure as mentioned above, but without DNPH, were used as controls and indices of PE.
17) The protein concentration was measured by a Bio-Rad protein assay kit (Bio-Rad Laboratories, CA) using bovine serum albumin (BSA) as the standard. DETBA was reacted with MA according to the method proposed by Sakai et al. 18) under the following conditions: column, Inertsil ODS (particle size, 5 mm; dimensions, 250 Â 4:6 mm i.d.; GL Sciences, Tokyo); mobile phase, acetonitrile:0.1 M NaCl (75:25, v/v); flow rate, 1.0 ml/min; and detection, excitation and emission at 515 and 555 nm, respectively. The PC extracts were electrophoresed in order to assess the effects of salting and freezing on individual proteins. Since all the samples could not be accommodated in a single gel, only the 0 th and the 20 th week samples were selected (Fig. 2) . Equal volumes of each sample were pooled together. The protein contents of the pooled samples were adjusted to equality using their respective salt buffers. The samples for electrophoresis were prepared by mixing the protein extract with equal volumes of Laemmli's sample buffer. 19 ) These samples were heated at 100 C for 5 min and stored at À20 C until electrophoresis. SDS-PAGE was performed according to the method described by Laemmli 19) using a large gel electrophoresis unit (Atto, Tokyo). The stored samples were loaded at 45 mg of protein per well on a 4% stacking gel; these samples were resolved in a 7.5%-20% gradient gel at room temperature under a constant current of 8 mA. The gel was then stained with Coomassie blue dye solution (0.1% Coomassie brilliant blue, 50% methanol, and 10% acetic acid in distilled water) and destained with the same solution without Coomassie brilliant blue. The electrophoresis pattern was analyzed on a Macintosh G-3 computer using the public-domain National Institutes of Health (NIH) Image program (developed by the US National Institutes of Health and available at http://rsb.info.nih.gov/ nih-image/). All data were analyzed by the Duncan multiple range test. 20) The PC contents of both the control and the salted samples increased slightly during the 20 weeks of storage. The addition of NaCl did not have any significant effect on the PC content in the yellowtail meats, except at 20 weeks, when the PC contents of the 0.6 and 0.9 M NaCl samples were significantly higher than those of the control and 0.3 M NaCl samples. The MA contents of both the control and salted samples increased significantly during the 20 weeks. Lipid oxidation continued even in the frozen yellowtail meats during storage. During 4-20 weeks of storage, the MA contents in the salted samples were significantly higher than those in the control samples. As has been observed in sardine and mackerel, [10] [11] [12] [13] [14] [15] the addition of NaCl accelerated lipid oxidation in the yellowtail meats. Significant correlation was observed between the PC and MA contents during the 20 weeks (r ¼ 0:50 and p ¼ 0:013) (Fig. 1) . It may be one of the reasons the contents of control at 0 week and the 0.9 M NaCl containing-sample at 4 weeks showed very low values and 0.9 M NaCl containing sample at 0 weeks showed very high values that the PC contents in the ordinary muscle of yellowtail stored at 0 C fluctuated during the early stage of protein oxidation. 17) Protein oxidation was reported to be associated with lipid oxidation in turkey 2) and beef. 21) Srinivasan and Hultin reported that the relationship between PC and the thiobarbituric acidreactive substance value was observed in cod and mackerel fillets when they were exposed to a free radical generating system. 22) Protein oxidation is possibly associated with lipid oxidation in frozen yellowtail meats. Decreases in the PE value were observed in the control and salted samples during the storage period.
At 8-20 weeks, the PE values of the salted samples were significantly lower than those of the controls. This suggests that the addition of NaCl may decrease the PE value in yellowtail meats. Several authors 5, [23] [24] [25] have reported a significant decrease in the PE value during storage in fish fillets and washed minces of different species. As shown in Fig. 2 , the band intensity of 97.4 kDa proteins in the control sample decreased, and this band in the salted samples disappeared at 20 weeks. This result may indicate one of the main reasons for PE decrease in all the samples at 20 weeks. It was considered that the denaturation of protein occurred due to oxidation brought about by lipid oxidation, following which the protein solubility decreased, and consequently, the band disappeared. A few studies have been performed on the relationship between protein solubility and lipid oxidation in fish meat products. 17, 22) In order to determine the amino acid sequence of the 97.4 kDa protein, an Applied Biosystems protein sequencer (Model 476A) was used, as described by Matsudaira. 26) However, the amino acid sequence could not be determined because the N-terminal of the protein was blocked. To our knowledge, the susceptibility of the protein to lipid oxidation is still uncertain. Further studies are required to elucidate the relationship between protein and lipid oxidation and to identify proteins in fish meat products that are susceptible to oxidation. 
